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Abstract 
The power line communications (PLCs) can count on existing electrical connections reaching each corner in the 
locations where such applications are required, so signal transmission over power lines is nowadays gaining more and 
more interest for applications like internet.  The research of characteristics of the low voltage power line is  the 
fundamental and importance task. This work presents a device to test the characteristics of the low voltage power line. 
The low voltage power line channel characteristics overground and the channel characteristics underground were 
tested in using this device. Experiments show that, the characteristics are different between the PLCs channel 
underground coal mine and the PLC channel overground. Different technology should be adopted to structure the 
PLCs channel model underground coal mine and transmit high speed digital signal. But how to use the technology 
better to the high-speed digital communication under coal mine is worth of further studying. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1     Introduction 
The automation of coal mine production is getting more and more important. While the development 
of signal extraction and transmission technology underground coal mining is lagged. Communication 
network which can overcast the whole coal mine is difficult to establish, so the information sharing 
cannot work better because of different technique protocol used in different communication equipments. 
So the coal mine automation development is restricted badly. And even more, it could make large 
numbers of coal mine accidents, which could take a heavy number of casualties and national property loss. 
At present, there is not effective technology to solve this problem. The low voltage power line 
underground coal mine has some  inherent advantages, we propose using the low voltage power line to 
communicate. Recent years, some researches have been done in [1]-[3], but because of the special nature 
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of underground coal mine environment, the research is smaller. The geological conditions underground 
coal mine are very complex and the working environments are poor, for example,  the mine roadway 
extending up dozens of kilometers, operating points spreading, mining machinery and electrical 
equipment and staff moving frequently, roadway excavating face narrow space, etc. 
Signal transmission over power lines is nowadays gaining more and more interest for applications like 
internet, data services, and voice transmission. The main reasons for this renewed interest is that power 
line communications (PLCs) can count on existing electrical connections reaching each corner in the 
locations where such applications are required, for example, students dormitory, factory, offices and 
home. Then, the main driving forces of this technology are the potential cost saving and versatility. The 
same advantages exist in underground coal mine. The research of characteristics of the low voltage power 
line is  the fundamental and importance task, since the quality of the transmission is highly influenced by 
the characteristics of the channel itself. Among the challenges of PLCs technology, it is important to 
mention the difficulty in predicting the signal attenuation and interfering. The main reason is given by the 
fact that the channel is time and frequency variant, and is characterized also by being location dependent, 
according to the network topology, which is often unknown. The researching of transmitting 
characteristics of PLCs is the most importance step to communicate high speed digital signal in the low 
voltage power line underground coal mine. 
This article starts with a method of testing characteristics for the low voltage power line and an 
overview of the fundamental properties of the low voltage power line channels overground. We design a 
device to test the power line channel and gain an office low voltage power line characteristic data. And 
then the same testing device is used to test the low voltage power line characteristics in underground coal 
mine. Eventually, the research results were given. 
2     Characteristics of the lowvoltage power line overground testing 
The idea of using the electric power distribution grid for communication purposes is not new at all. For 
many decades power supply companies have been using their networks for data transmission. The main 
purposes, however, have been management, control, and supervision of power plant and distribution 
facility operation, tasks calling for rather low data rates in the kilobits per second range. Especially in 
Europe, a significant change occurred when the last telecommunication monopolies were ended in the 
beginning of 1998. As a result of this process the low voltage power line communication became very 
interesting. The use of this medium made it possible to compete against the former monopolists on the so-
called last mile. The ideas centered on using the cables between the transformer substation and customers 
as an access medium for high-speed digital communication.  
2.1    Testing devices designing 
Testing transmitting characteristics need special devices. Different parameters require different devices. 
Coupling circuit, digital signal transmitting and receiving device were designed. Here we only introduce 
the coupling circuit in figure 1.  
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Fig. 1. Coupling circuit 
In figure 1, iu  is input signal and 0u  is output signal. The transfer function is following as: 
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Due to channel impedance is variable, the frequency features of coupling circuit are gained with 
different channel impedance in figure 2. 
Fig. 2. Frequency features of coupling circuit 
In figure 2, the transmission bands become wider with channel impedance increasing. The wider band 
is in favour of coupling, but it is not to the benefit of frequency selecting. Conversely, the narrow band is 
to the benefit of frequency selecting and is not in favour of coupling. Difference low voltage power line 
has difference channel impedance, the coupling circuit should be self-adaptively adjusted coupling 
impedance to gain the best impedance matching. 
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2.2   Testing low voltage power line noise 
First we discuss the noise in power line channel. It is mainly generated from the work of the electrical 
equipments and environment noise. Different locations, different times, the work of the electricity 
network equipment are different, so power line channel noise is inevitable. Power line channel noise can 
be divided into five categories: Colored background noise, Surrounding Environment Noise, Periodic 
pulse noise (not synchronous with the frequency of power grid), Periodic pulse noise (synchronous with 
the frequency of power grids), Asynchronous impulse noise. We use the coupling circuit, digital signal 
transmitting and receiving device to test the low voltage power line noise in an office socket, sampling 
data is in figure 3. 
(a)                                        (b) 
Fig. 3.  Sampling data wave 
(a) Sampling data wave 1, scale division of y-axis is 1V/div, scale division of x axis is 25ms/div. (b) 
Sampling data wave 2, scale division of y-axis is 10V/div, scale division of x axis is 250ns/div. 
Though the sampling frequency is different, the waves are similar between wave 1 and wave 2, which 
indicates that the channel noise changes slowly. At the same time, we find the wave 1is not same to wave 
2, which manifests that the noise is time varying.  
Channel noise is expressed by 
           tvtvtvtvtvtv imppspanbbkgr   .                      (2) 
where  tvbkgr  is the background noise,  tvnb  is a narrowband noise,  tv pa  is a periodical 
impulsive noise asynchronous to the fundamental component of power system,  tv ps  is a periodic 
impulsive noise synchronous to the fundamental component of power system, and finally,  tvimp  is an 
asynchronous impulsive noise, which is the hardest interference for PLC signal. The power spectral 
density(PSD) of additive noise is  
           fSfSfSfSfSfS imppspanbbkgrv     .                   (3) 
2.3   Testing other characteristics of low voltage power line 
We use the devices to test other characteristics of the low voltage power line: signal transmission 
attenuation. The results are similar to pre-existing literature documents[1 ]-[3]. 
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3      Charecteristics of power line channel underground coal mine testing 
The ideas centered around using the cables between the transformer substation and customers as an 
access medium for high-speed digital communication. But there are not successful report about 
underground coal mine low-voltage PLCs. Because the underground coal mine conditions are complex, 
there are few people like to research it. In actual fact, if we pay our attention to this area, we will find to 
building a digital communication net required.  
From underground coal mine PLCs channel, we find some differences between PLCs overground and 
PLCs underground: 
(1) Strong cross-coupling effects between the wires in a cable must be taken into account. 
(2) The working devices are most high-power devices, at the same time, AC devices and DC devices 
both exist. 
(3) Second medium voltage line and low-voltage line both exist. 
(4) Power lines exhibit strong branching, which considerably impairs the signal quality with a great 
number of reflection points. 
(5) The net is wide. All most it can be extend to every corner in underground coal mine. 
In general, the underground coal mine power line channel is metal shielding carrier. In figure 4, a 
typical channel is given. The labels have the following meanings: TX is the PLC transmitter, RX1 and 
RX2 are PLC receivers, From this figure the characteristics of multipath are outstanding. 
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Fig. 4.  Realistic underground coal mine power line channel 
3.1   A. Testing low voltage power line noise 
We use the same devices that are used overground to test in a socket underground coal mine, sampling 
data is in figure 5. 
(a)                                                 (b) 
Fig. 5.  Sampling data wave 
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(a) Sampling data wave 1, scale division of y-axis is 20mV/div, scale division of x axis is 50ms/div. (b) 
Sampling data wave 2, scale division of y-axis is 20mV/div, scale division of x axis is 2.5 divs /P .
In figure 5, because the sampling data is few, the wave 2 represents the part characteristics of the 
channel noise. The wave 1 can represent the whole characteristics of the channel noise. The result of the 
low voltage power line in underground coal mine is not same as the overground testing result. The noise 
wave in figure 5 is more complex than  figure 3. But the noise amplitude is smaller than overground noise. 
3.2   Input impedance of the low voltage power line 
Two sites are selected to test the input impedance. First site is 20 meters far from transmitting devices. 
The input impedance is following as figure 6 (a). The distance between transmitting devices and receiving 
devices is changed, the same testing is done. The result is shown in figure 6 (b). 
(a)                                                         (b) 
Fig. 6. Testing input impedance.(a) distance is 20 meters, (b) distance is changed. 
High power devices operations switching is not frequently because of a 24-hour work system under 
coal mine, so underground mine power line is stable relatively, which is favorable to communicate. To 
compare the figure 3 with figure 5, we can sum up the characteristics of PLCs underground coal mine 
following as: 
(1)The characteristics are different between them. 
(2)Intensity of channel noise underground is smaller, which is favorable to communicate. 
(3) The noise of PLC channel underground coal mine is more complex, which will disturb the digital 
signal transmitting. 
4     Research results and conclusions 
Experiments show that, the characteristics are different between the PLC channel underground coal 
mine and the PLC channel overground. We should adopt different technology to structure the PLC 
channel model underground coal mine and transmit high speed digital signal. But how to use the 
technology better to the high-speed digital communication under coal mine is worth of further studying. 
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